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INTRODUCTION 
Sttidles of meiofauna in soft substrate marine communities have been 
largely concerned with faunal distributions along environmental gradients in 
depth, temperature, salinity; sediment characteristics and oxygen. Only a 
few detaUed studies of aspects of population ecology of meiofaunal organisms 
y.· 
have been made (Mcintyre, 1964; Tietjen, 1969; Mcintyre & Mursion, 1973). i: I, 
t 
Harris (1972 a-e) examined seasonal fluctuation, vertical and horizontal 1-
distribution, and the reproductive activity of interstitial harpacticoids. Many 
meiofaunal studies have made surveys of harpacticoid distributlons, and these 
did not emphasize monthly seasonal variations in population dynamics and 
associated factors (Fenchel, 1967: Jansson, 1968; Gray & Rieger, 1971; 
Wigley & Mcintyre/ 1964; Warwick & Buchanan, 1970; Coull, 1972; Hartzband 
& Hummond, 1974). Temperature and sediment characteristics have been 
identified as the principal factors limiting densities and distributions of 
meiofauna (Fenchel, 1967; Warwick & Buchanan, 1970; Harris, 1972 b; 
vVilliams, 1972). However, it is not sand grain size itself, but associated 
factors such as porosity, permeability, packing and oxygen availability that 
are thought to be the primary determinants of meiofauna distributions (Jansson, 
1967 a-e; Enckell, 1968; Fenchel, 1968; Crisp & Williams, 1972; Hartzband 
& Hummond, 1974). Biological interactions, such as competition and· pre- -
dation have received only a slight emphasis, particularly in natural popula-
tions (Tietjen, 1969; Williams, 1972; Hartzband & Hummond, 1974). 
Mcintyre (19 69) suggested that predation is significant in determining 
2 
meiofauna density fluctuations. Harpacticoid copepods have been identified 
as primary constituents in fish diets (Feller & Kachyniski, 1975). Biological 
interacti.ons (Dayton, 1971, 1973) have been shown to be decisive in 
determining the distribution and abundance of epifaunal organisms in rocky 
intertidal communities. More data on the role of biological interactions 
between meiobenthos and other fauna in determining meiofaunal abundances 
and distributions are needed. 
The main purpose of this study is to describe the population ecology 
of eight species of harpacticoid copepods over a period of one year with 
emphasis on the effects of physical interactions and biotic factors on these 
populations.· The species were: _AI,!illh.iascopsis cintu§ (Claus) 1866,Stenhelia 
(Q.) o~. Lang, 1965, .fi-~terolaphonte _yariablis Lang, 1965, Ectinosoma 
melanic§.E§. Boek ? var. T. Scott, 1902, Paralophonte subterranea Lang 1 1965, 
]'isbe furcata (Baird) 1837 1 Diasaccus spinatus Cambell, 1929 and Para-
thalestris J:mlbiseta Cambell ? • 
3 
METHODS AND MATERIALS 
Samples were taken for thirteen months from February 1 197 4 to Februaty, 
1975 at five intertidal stations 1 each 5 m apart along a transect from high 
to low intertidal (Fig. 1). The transect was located at Lawson• s Flat, a 
small protected inlet near the mouth of Tomales Bay 1 California. Lawson's 
Flat was chosen because of the high abundance of harpacticoids 1 negligible 
wave action I and high species diversity. Characteristics of the flat and 
its fauna were described by Johnson (1967 1 1970). 
· Ten core samples 1 1. 85 em internal diameter and 5 em long 1 were taken 
at each station within a 1 m2 quadrat. A random number table was used 
to determine the coordinants of the cores within each quadrat. Samples were 
fixed in 5% buffered formalin. The fauna was extracted ushi.g the Rousseau 
procedure (Hulling & Gray I 1971; Uhlig 1 et all 1973) and stained with Rose 
Bengal to facilitate counting (Harris 1 l972a). The extraction effici.ency was 
95-99%. The extraction efficiency was measured by randomly placing a known 
number of stained harpacticoids of mixed species into a sample 1 eA.'tracted, 
and then counting the number of stained harpacticoids under a disecting 
microscope. This procedure was repeated several times. 
At the time of sampling 1 interstitial temperatures were measured at a 
depth of 1-3 em in the center of each quadrat using a mercury-in-glass 
thermometer, read to 0.1 o C. Monthly minimum and maximum temperatures 
were made with a Taylor min-max thermometer for the three middle stations. 
Fig. 1. Study area. The enlarged area represents Lawson's Flat. 
The five dots indicate the approximate positions of the intertidal sampling 
stations at mean low tide. 
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The min-max thermometers were placed 1-2 em below the surface 1 read on each 
sampling date to the nearest 1-2 cni below the surface, read on each sampling 
date to the nearest 0. 2° C. 
Interstitial salinities were obtained using a syringe technique (Johnson, 
1967}, with the needle placed 2 em below the surface. A refractometer was 
used to measure salinity in parts per thousand. 
Sediment samples were taken from the right and left sides of each station 
except in March and April, 1974 when only one sample from each quadrat was 
taken. Sediments were dried at 105° C and mechanically sieved for 15 min. 
through a set of square mesh sieves with openings of 0. 595, 0. 420, 0. 354, 
0.250, 0.177, 0.088 and 0.063 mm. Rinsing before sieving was omitted in 
order to preserve as much of the "in situ" characteristics of the sediment as 
possible. Sand particle analysis was computed by central moments instead 
of percent quartiles (Isphording, 1972). 
Standard statistics were computed using a Wang 500 desk computer. 
Principal component analysis was made on a CDC 3300 computer at California 
State College, Sonoma using programs from Davis (1973). 
Voucher specimens have been deposited at the Pacific Marine. Station's 
museum. Harpacticoid identifications were made from Lang (1965). All other 
species were identified using Light's Manual, 3 ed. Dr. James Blake, 
Pacific Marine Station, identified the polychaetes. 
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THE PHYSICAL ENVIRONMENT 
Temperature 
Seasonal changes in sea-water temperature recorded in the surf at Dillon 
Beach, Ca. are shown in Fig. 2. 
Interstitial temperatures obtained with min-max thermometers in areas 
2~4 are $ummarized in Fig. 3. Two-way analysis of variance (ANOVA) showed 
that significant differences in temperatures were due to seasonal variation 
. (P > . 001) and not between tidal heights (Appendix I A). Therefore, the 
organisms in the lo"~Ner intertidal were exposed to the same temperature fluctua-
tions as those in the upper intertidal region of the. study area. 
Seasonal changes in salinity from Dillon Beach are shown in Fig. 4. 
Interstitial salinities for all sampling areas are shown in Fig. 5. Two-
way ANOVA for areas 2-4 showed seasonal variations of salinity (P :::> .001) 
with no difference between areas. \'Vhen all five areas were tested, a signifi-
cant difference occurred between both time and areas (Appendix I B-C). 
The effect of fresh-water run-off on interstitial salinity was examined in 
December, 197 4 when the run-off occun·ed directly over the transect. Inter-
stitial salinities were not greatly affected by fresh-water run-off. Salinities 
under the run-off di.d not drop below 29 ppt. and the salinities outside the run-
Fig. 2. Seasonal changes in sea-water temperature (mean & ·95% c. i.). 
Source: Pacific Marine Station weather station. The grand mean was 1.3. 46° C 






















Fig. 3. Interstitial temperatures.. The dashed lines represent the temperatures 
at the time of sa.mpling. The top and bottom lines represent the maximum and 
mi.nimu.m temperatures, respectively. Area 1 was in the low intertidal and area 
5 was i.n the high ir1tertida.l. 
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Fig. 4. Seasonal changes in sea-water salinity (mean & 95% c. i.). 
Source: Paci..fic Marine Station's weather station. The grand mean was 
32. 72 ppt with a maximum mean in June of 3.4. 04 ppt and a minimum in 
February of 30.33 ppt. 
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off areas were 34 ppt. 
The sediment environment has been commonly described using mean grain 
size and/or graphically by cumulative percent weight in each of the sediment 
classes.. However, mean grain size and cumulative frequency curves alone 
does not sufficiently indicate specific sediment sizes or sediment differences 
between areas for adequate comparisons to fluctuations of faunal densities. 
Therefore, three separate statistical analyses have been used to show variation 
of mean grain size, sand deposition and erosion, the sediment sizes that vary 
the most in each area, and differences in the sediment environment between 
the sampling areas. 
Mean grain si.ze and 95% c. i. for each area shown in Fig. 6. Two-way 
ANOVA of mean grain size showed a significant size change along the transect 
and over time (Appendix I D). 
A way to examine sand deposition and erosion was designed by Mason & 
Folk (1959) and Folk & Ward (1957). Two statistics were used, skewness 
(Gl) and kurtosis (Gz). Their findings showed that positive skewness reflects 
smaller grain sizes, deposition and poorer sorting. Positive kurtosis reflects 
poor sorting in the tails of a distribution and good sorting near the mean due 
to the addition of a secondary sand size mode. A scatter diagram of these two 
statistics indicate differences in sand environments between the areas (Fig. 
7). A comprehensive summary of skewness and kurtosis reflecting sand 
cL -Fig. 6. Meangrain size (mean & 95% c.i.). The mean grain in the lower 
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Fig. 7. Scatter diagram of skewness (Gl) and kurtosis (G2). 
Area 1=0, 2= X; 3= e, 4= a, and 5=•. The numbers at the bottom of the figure 
are estimated mean grain sizes based on the regression in Appendix II Fig. 23. 
Area 1 changes predominantly in size and deposition, area % changed in the 
'sorting of the sand. There was considerable overlap between areas 2-•1 
changing in size, erosion, and deposition. Sand movements in area 3 and 4 
cor1tinuously changed in the amount of fine sand entering and leaving, with 
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·deposition, erosion and sorting is given in Appendix IL 
A principal component analysis (PCA) was performed on all 8 sand classes 
for each area (Davis, 1973) PCA examines the interactions between the 
given size fractions to determine which size fraction accounts for the greatest 
amount of the total variance. The sand size ratio medium to fine, very 
fine (sieves 2. 0/2.5-3.5 %) accounted for over 90% of the total variance 
in each area. The sand size ratio contributing the second highest percent 
variation (5-6%) was fine to very fine sand except in area 4 where the ratio was 
medi.um I coarse medium to very fine (sieves 1. 5-2..q/3. 5 m. A. description of 
PCA, and a principal component matrix of eigenvectors, eigenvalues, percent 
of trace, cumulative percent of trace for each area is shown in .Appendix III. 
A principal com.ponent score is obtained when the ith observation is 
projected onto a principal axis. A scatter diagram of principal component 
scores for axes I and II (sand ratios varying over 90% and 5-6%, respectively) 
for each area is shown in Fig. 8. With these two axes accounting for over 90% 
of the total variation, it is evident that the sampling areas are distinctly 
different in sand size composition. 
To analyze interactions between species abundance and sediment size 
distribution, it is essential to know which sediment sizes are mostly 
responsiblt~ for the major changes in the sediment environment. Intuitively, 
it is these sediment sizes that would have the most direct effect upon changes 
in species densities. 
Fig. 8. Scatter diagram of principal component scores for principal axes I 
and II. Principal axes I and II accounted for over 90% and 5-6% of the total 
variation, respectively. The majority of points for each area have been 
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Information from standard· statistics can only determine significant 
differences due to ·the main treatment effects, i.e. sand size, sampling areas 
and time. It will not indicate the variance contribution of the individual 
sediment sizes. The biological significance of sediment analysis using PCA 
is seen as a tool to determine the most probable sediment size for correlating 
with population density fluctuations and to aid in distinguishing separate sand 
environments. 
Beach Profile 
Tidal height differences between areas were measured with a builders 
trans it in Ju1yc;-l97tr;-Noveml5ef,--rg 74 ::.;; February~- -19 75 ~---Two way AN0VA's 
wer~ computed for all five .time intervals and for the four consecutive months. 
In both cases, there v,ras a height gradient from low to high intertidal (P>~Ol) 
with the heights of each area remaining constant (Appendix I E-F). The tidal 
heights for the five intertidal stations, from area 1-5 (low to high intertidal, 
respectively) were: -0.65, 0.0, +0.50, +0.80, and +1.50 ft. 
The analysis of physical parameters has shown that salinity, sediment 
size and deposition were the major factors changing within the intertidal tran-
sect. Seasonal differences were observed for all factors except for tidal 
heights 1 where the height gradient was constant over time. Intersitital salinity 
was highest in area 5 I areas 2-5 had the same salinity_ fluctuations. Inter-
stitial temperature fluctuations were similar between all areas. Oceanic 
18 
salinity and temperatures followed normal seasonal trends. Sediment size 
composition between the five areas was distinctly different. Areas 2-4 under-
went extensive sediment removal and deposition. Areas 1 and 5 experienced 
mainly sediment erosion and deposition, respectively. Preliminary comparisons 
of surface sediment to those down to 5 em showed no difference in size 
composition. Due to the uniformity of the surface sand and the organisms · 
restriction to the surface 2 em (next section) physical parameters of porosity, 
permeability, pore water content and oxygen were not measured. These factors 
are largely dependent on grain size distribution, and their amounts may sub-
stantially decrease below 2"":'3 em (Fraser, 1935; Webb, 1958; Bra field, 1964: 





The meiofauna consisted of ciliates, nematodes, harpacticoid cope pods, 
polychaetes, archiannelids, cumaceans, ostracods, nabiliaceans, tardigrades, 
and tanaidaceans (Table I). Of these, Nerilla antennata, Nebali'!_ pugettensis, 
... 
Batillipes sp. and Sphaerosyllis californiensis were rare. 
Harpacticoid Copepods 
Vertical Distribution 
Two core samples, 2. 5 em internal diameter and 20 em long, were taken 
in February and July, 197 4 in each area to examine harpacticoid vertical dis-
tribution. Each core sample was sub-divided into five sections~ 0-2, 4-6, 
9-11 and 18-20 em lengths. Each sub-section was fixed in formalin and ex-
tracted. Only 2 or 3 harpacticoids were found below 2 em depth, none were 
seen deeper than 10 em. Only nematodes were found down to 20 em. 
Horizontal Distribution 
The harpacticoid population continuously inhabited areas 2~4. Areas 1 
and 5 had low, sporadic representation of species throughout the sampling 
time. Faunal abundances were therefore criti.cally examined in areas 2-4. 
Several sub-samples each month from areas 1 and 5 were examined for internal 









Amphiascopsis cintus Lang 
Diasaccus spinatus 
Ectinosomedae 
Ectinosoma melaniceps Scott 
Harpacticidae 
Stenheli.a oblonga Lang 
Laophontidae 
Heterolaophonte variablis Lang 
Paralaophonte subterranea Lang 
Thalestridae 
Parathalestris pulbiseta Cambell 
Tisbidae 
Tisbe furcata (Baird) 
Ostracoda 
Nebaliacea 
Nebalia pugettensis (Clark) 
Cumacea 
Cumella vulgaris Hart 
Tanaidacea 
Leptochela dubia (Kr{6yer) 
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Exogone lourei Berkeley and Berkeley 
Brania limbata 




A total of eight species of harpacticoid copepods was found of which five 
species were present throughout the year (Table II). Amphiascopsis cintu_E was 
the most abundant of the five species 1 comprising 50-86% of the total harpac-
ticoid population. All species except E. melaniceps were previously recorded 
by Lang (1965) who surveyed the California coast. Species preference for areas 
were: A.. cintus, 4,3 1 2; .§.. oblonga 1 3.4.2; H. variablis 1 3 1 2 1 4; E. melanicepsJ 
2 1 3 1 4; and P. subterranea 1 4 1 2=3. The area and volume of each faunal core 
sample was 10.75 cm2 and 53.76 cm3 1 respectively. Abundance of the total 
harpacticoid population for each area and for areas 2-4 combined are shown in 
Fig. 9. Throughout the intertidal transect the total harpacticoid abundance 
_ oscillated around the grand mean with no definite trend (Fig. 9D). Two-way 
. ANOVA of area abundance .showed no significant differences between areas or 
over time (Appendix IV A). 
Abundance fluctuations for the five major species are shown in Figs. 10 -
14. Two-way AN OVA using total abundance showed that £1. cintus and S. ob-
long a had significant differences between areas but not over time. Heterolao-
phonte variablis and].. melanice.P§ had significant differences over time but 
not between areas. Paralaophonte subterrane~ ·had no significant differences 
over time or between areas (Appendix IV B-F) • 
Harp a cticoid Interactions 
Analyses of correlations between changes in abundance of the harpacticoid 
species and various physical factors were made. Paralaophonte subterranea 
TABLE II. 
Monthly Population Abundance 
Total numbers in areas 2,J and 4 
Species F M A N J J A s 0 .N D J F 
fomphiascopsis cintus 1659 626 4)0 552 885 677 1044 854 '748 660 754 66) 562 
Stenhelia (D.) oblonga 192 171 14~ -' 109 66 8) 84 120 141} 184 147 147 86 
Heterolaop}1.QrJ.te variablis 62 104 42 79 170 81 63 81 112 315 65 122 65 
Paralao12_h2_nt;~ §_ubterra~ 0 16 7 46 18 4 21 14 21 58 4 35 11 
Ectinosoma melanlceps 21 7 4 14 10 37 60 34 "53 65 3 1.3 4 
Parathalestris bulbiseta 0 5 5 0 1 0 0 0 0 79 J 8 6 
Diasaccus spinatus 0 0 J 0 J 22 8 10 0 0 0 4 0 




Fig. 9. Mean & 95% c.i. fortotalharpacticoid species, areas 1-5~ 
X represents the mean number .of harpacticoids. Mean values were computed 
from a ln (x+l) tranformation of the raw data. The horizontal solid and dashed 
-----=------'---· - -'· -- --
lines repres.ent the grand mean and the 95% ci. i., respectively. 
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Fig. 12. Seasonal abundance fluctuations (mean.& 95% c.i.) for E. melaniceps, 
areas 2-4. 
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was not used due to the absence of significant change in abundance. Measures 
of physical factors that changed significantly along the intertidal transect were: 
mean grain size, Gz, and the sediment size ratios represented by the principal 
component axes I and II. The harpacticoids that had significant abundance 
change along the transect were..& cintus and S. oblonga. Significant seasonal 
changes of physical factors were: mean grain size, interstitial and oceanic 
temperature and salinity. The harpacticoids that had significant seasonal 
abundance change were H. variablis and E. melaniceps. Correlation analysis 
was performed on those harpacticoid species and physical factors that had 
similar significant change, i.e. along the intertidal transect and seasonally. 
=-the correlation coefficients for these analyses are summarized in Tables III. 
·and IV. ColTelation analysis between the harpacticoid species that had similar 
significant abundance changes were also made (Fig. 15-16). The majority of. 
these analyses ~howed no significant correlation between harpacticoid species 
abundance and physical factors or between harpacticoid specieso Only one 
harpacticoid, E. melaniceps, had significant correlations w.ith surf.temperature 
and interstitial salinity but these two physical factors were not significantly 
corn:1lated (Fig. 17). 
Summary 
Seasonal changes in harpacticoid populations were not significantly 
correlated with the biotic or physical parameters measured. Changes in 
abundance of only one species, E. meianiceps, were positively correlated to 



















Correlation Coefficients fori· Physical Interactions 
. ' ' 
Ordinate = total numbers per month 
Abscissa 
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TABLE IV 
Correlation Coefficients for Physical Interactions 
Ordinate ::: mean abundance/month 
Hetel"olaophonte variablis 
Abscissa 
Grand mean of mean grain 
size/month 
Mean. interstitial .. temperature 
range/month 
Mean surf salinity/month 
Mean surf temperature 
/month 
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Fig. 15. Correlation of.§.. oblonga vs • .!:_. cintus, ·areas 2-4, using total 
numbers of species per area. The absence of significant negative correlations 
suggests that competition between species is not occurring. 
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total numbers of each species. The. absence of significant negative correlation 
-~-suggests that~compe:t:ition betweenspecies .is notoccurring. 
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Fig 16 
Mean Abundances for Areas 2 -.4 
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Changes in sediment composition and deposition were not significantly 
correlated with changes in abundance of the harpacticoids. This appears con-
trary to Coull (1972), Harzband & Hummond (1974), and Jansson (1967 b&c). 
The differences in results might be due to the fact that Coull and Hartzband & 
Hummond were examining large scale sediment heterogeneity, and this study 
dealt with small scale sediment change. Wigley & Mcintyre (1964) reported 
that in an area with large-scale sediment difference, the harpacticoids were 
almost non-existent in areas where the mean grain size was 0.16 rom or less, 
and were more abundant in the coarser sand. Jansson found that Parastenocaris 
vice sima had definite selection towards 0. 25 mm sand. Therefore, large scale I 
·~·-·-. sea-iment~hetereg.ene-i-t.y-ma.y-1-imit-har.pacticoid~sub- communitie_s~J.rL'th..e~ir'--""l~o~c~a'----~~~~~----'5~ 
l • ---------------- -~- ----- ------- ---- ---- ----------- --
tion and the effect of small scale heterogeneity may be species-specific. 
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FEEDING BEHAVIOR 
Nauplii and adults of A. cintus, H. variabli12_, !;_. melaniceps 1 and ..§.. 
oblonga were observed 11 feeding .. in the laboratory on natural sand grains and 
the organic-mineral matrix or 11 floc 11 as described by Johnson (1974). The 
actual feeding process was not observed. Movement of an organism's mouth 
parts was too rapid and the time an individual spent with a particular sand grain 
was too short for detailed feeding observations. It was inferred that "feeding 11 
occurred when an organism• s mouth parts would repeatedly contact the particle 
surface for at least one second, or when the organism would rotate a particle 
strate .. preference" for •ifeeding" was evidenced by the organisms• behavior. 
; The tendency for an organism to spend more time "feeding" in a particular type 
of substrate was interpreted as food source preference. 
Nauplii 
When "feeding .. off of a sand grain, nauplii would remain stationary or 
crawl around either part· of or the entire grain. This same behavior was ob-
served when nauplii "fed" off the floc. Nauplii greatly prefen·ed the floc to 
sand grains. When the two substrates were present 1 nauplii would spend at 
least 50-75% of their time crawling in the floc. The flocculent material was 
much smaller (generally less than 15u) than the sand grains. It was assumed 
that the floc was small enough for easy "feeding" by the nauplii. 
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Several times nauplii hGld access to diatoms moving between particles.· 
Nauplii were not seen to actively approach a diatom. Contact between nauplii 
and diatoms occurred if the two collided. If contact between the two was made 
and the diatom picked up by the nauplii, the diatom would be quickly dropped. 
When the nauplii were caught swimming in a space between grains that 
were larger than their body, their movement was sporadic and uncontrollable. 
It would take from 5-30 sec. for the nauplii to reach a solid substance. 
Naupl.ii could crawl on the bottom of the dish, but the movements were slower 
and less coordinated than on sand or floc. 
Adults (')f the same species preferred the organic-mineral matrix to sand 
grains. Not every floc particle or sand grain encountered was "fed" upon. 
None of the adults were observed to eat diatoms. Sand grains were occasion-
ally manipulated by the mouth parts and the abdomen. The maxillae and the 
first pair of legs would rotate the sand grain. The remaining 4 pairs of legs 
were tucked between the abdomen and the grain. If a sand grain was too 
large for manipulation, the harpacticoid would crawl around the grain to "feed" 
and appeared to be grazing on it. In the floc adults would move around and 
through the matrix using only the mouth parts and the first pair of legs for 
"feedi.ng." The floc seemed small enough to be ingested, but the edible 
material appeared to be scraped off. 
Searching for food on sand grains was done by crawling and swimming. 
I 
I 





The animals would scurry over several grains touching the parti.cles with their 
mouth parts. After sampling several grains, the animals would then quickly 
"feed" off part of a grain. Occasionally the animal would manipulate the entire 
grain. In cultures containing from 0. 5 ..,. 3. 0 em of sand, very few organisms 
were seen swimming to different areas for "feeding ... 
The floc particles were greatly preferred in the observations. Once "feed-
ing" off floc, the animal might remain there for a minute crawling in and around 
the matrix. In floc, a somewhat different "feeding" procedure was used. It 
appeared that the animal would eliminate the sampling procedure. If the animal 
encountered floc, it would immediately eat or leave. 
.·Food Source 
Some of the flocculent sand from the top 2 em of the sampling transect was 
cultured at 20° C to isolate algae cells attached to the sand grains. The cul-
ture media used was Guillard' s f2 medium (Guillard, 1962). Some algae was 
cultured, but the predominant growth was a green bacterial-matrix. This matrix 
was composed of coccolithiphores and three forms of bacteria feeding off the 
alga Melacyra sp. The three forms of bacteria were bacillus, cocci, and dumb-
bell shaped cells. Their sizes were 2-4 microns. The bacterial-matrix was 
the most preferred food source by all species of harpacticoids. 
Several food sources were used: sand, floc, bacterial .... matrix, dried 
ground Enteronorpha sp. and the planktonic diatoms Phaeodactylun:t tricornatum 





for rearing harpacticoid cultures. Treatment of floc, bacterial-matrix, and 
En_teromorpha was the same. Within one week the large food particles would 
be separated into a fine material by the adults and spread evenly along the 
bottom of the dish. 
Field composition of sand grains was examined using the methods ofJohn-
son (1974). The periodic acid-Schiff (PAS) technique will stain glycogen, 
starch, cellulose, mucins, chi tins, fungi, protein-carbohydrate complexes and 
some glycolipids {Johnson, 1974; Humason, 1967). Sand samples from the sur-
face 2 em and 10-12 em depths were taken in each sampling area in July, 1975 
(Table V). In each sample, a positive and negative PAS reaction occurred. 
The surface sand had a higher p·ercentage of stained particles than the deeper 
sand. In the surface, all of the flocculent material yielded a positive PAS 
reaction. ·In the lov.rer intertidal, 10-20% of the surface parti.cles did not 
stain at all. The non-stained percentage of surface sand in the higher inter-
tidal rose to 25-35%. For the deeper sands, a 25-45% non-stained component 
was found in each intertidal area, except for area 1. The majority of the 
flocculent material did non stain. The non-stained particles were black and 
looked like mica. Positive PAS staining was not uniform on all sand particles. 
Encrusted sand, algae, and fecal pellets were completely stained. Clear 
quartz particles were stained only in non-smooth sections of the grains. 
Crevi.ces and jagged areas of these grains were heavily stained. 
Johnson {pers. comm.) encountered extreme difficulty in treating sand to 







Results of PAS staining of intertidal sand particles 
Percent non-stained 
particles 
1 2 3 4 5 
2 em depth 10-20 25-35 25-35 25-35 25-35 
10-12 em depth 20-30 25-45 35-50 25-45 25-45 
Untreated dune sand 25-35% non-stained particles 
Treated dune sand 25-35% non-stained particles 
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sand thoroughly washed with concentrated sulfuric acid and rinsed with dis-
tilled water. In both cases, the staining pattern and percentage was the same 
as the intertidal sand (Table V). The higher density of stained particles in 
surface layers suggest that there is more food for harpacticoids at ·the surface. 
There was C3 higher percentage of stained particles in th~ lower intertidal, yet . 
the majority of harpacticoid preferred the higher intertidal. This relationship 
could be due to a sufficient quantity of food so that food abundance is not a 
limiting factor, or a specific food requirement by individual species not revealed 
by the staining procedure or other factors determining intertidal distributions 
such as predation. 
SUMMARY 
The nauplii and adults observed preferred the bacterial-matrix as a food 
. . 
source. Floc, sand grains and Enteromorpha were also acceptable foods. 
Planktonic and benthic diatoms were not seen to be "eaten." It appeared that 
two slightly different feeding behaviors occurred depending on the substrate. 
"Feeding" off of sand grains required initial sampling of the grains, whereas 
in floc the sampling procedure was omitted. In laboratory cultures, the adults 
would break down large food particles into a fine material spread evenly along 
the bottom of the culture. Staining natural sand grains from the intertidal 
transect at different depths revealed more stained particles near the surface. 
The particles consisted of carbohydrates, glycogen, starch, etc. that werfj 
stained by the PAS technique. It can be inferred that the stainable material 






of the harpacticoids may be due to most of their food being located in the surface 
2 em. 
Food availability, selection, preference, and its effect on harpacticoid 
population densities are not clearly understood. Lasker, et al (1970) suggest 
bacteria as being a .major food source for Asellopsis intermedia_. Gray (1968) 
implies that the species of bacteria may be more important than their actual 
.... 
abundance for Lepta stacus constrictus. Gopepods feeding on benthic diatoms 
may be restricted to the sut'face 20 em because of diatom vertical distribution 
(Stelle & Baird, 1968). Analysis of harpacticoid gut contents showed an un-
recognizable mass of vegetable material with a few Nitzschia sp. and other 
---~ 
' benthic diatoms (Tietjen, 1969). A comparatively richer species composition 
between two areas was found in the area with more fine sand and maldanid 
fecal pellets (Mcintyre, i964) .- Claw segment size may enable some harpac-
ticoids to ingest diatoms, and limit other species to scraping off sand particles 
(Mcintyre & Murison, 1973). Table VI reviews food sources used for culturing 
and food experiments for a variety of harpacticoids, showing a diverse selec-
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Food sources for Various Harpacticoids 
Johnson & Olson (1948) 
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Percent females and ovigerous females, areas 2-4, for A. cintus; S. oblonga, 
and H. variablis are summarized in Figs. 18-20. Comparison of monthly means 
and 95% c. i. for percent females indicate no definite seasonal trend for any 
species. Similar comparisons for percent ovigerous females showed A. cintus 
to have a seasonal trend,_§_. oblonga and H. variablis did not. 
Monthly mean egg counts per female clutch size, forb oblong a and A. 
cintus for May, 1974 through February, 1975 (Figs. 21-22) showed seasonal 
differences for Jh cintus but not for S. oblonga. Clutch size for A. cintus was 
,not significantly correlated with monthly surf temperature or monthly interstitial 
-- ---- tern perature range. ,, 
Laboratory Observations 
Reproduction of b cintus, b oblonga, and .H.., variablis was performed 
under laboratory conditions. The animals were collected in the area adjacent 
to the intertidal transect. On the same day of collection, fecund females were 
put into separate 2 in. finger bowls; rna ss cultures consisted of at least ten 
males and females placed into 4 in. finger bowls. The cultures were fed with-
dried Enteromorpha, natural san.d grains, and the bacterial-matrix by placing 
the mixture in the center of the dish. Four to six cultures consisting of one 
female and one mass culture were maintained at four different temperatures, 
Fig. 18 A. Seasonal changes (mean & 95% c.i.) of percent females ofA. cintus. 
The uniformity of mean values indicates no seasonal differences. 
Fig. 18 B~ Seasonal changes (mean & 95% c.i.) of percent ovigerous females 
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Fig. 19 A. Seasonal changes (mean & 95% c. i.) of percent females of.§.. oblonga. 
The majority of mean values piotted fall within the confidence intervals of the 
remaining means, indicating that significant seasonal differences did not occur. 
Fig. 19 B. Seasonal changes (mean & 95% c.ie) of percent ovigerous females of 
.§.. oblonqa. Comparisons of means to the confidence intervals indicate that no 
significant seasonal differences occurred. 
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Fig. 20 A. Seasonal changes (mean & 95% c.i.) of percent females of H. 
variablis. Comparisons of means to the confidence intervals indicate that no 
significant seasonal differences occurred. 
---~-- ---~. 
Fig. 20 B. Seasonal changes (mean & 95% c. i.) of percent ovigerous females 
of H. varia blis. Comparisons of means to the confidence intervals indicate 
that no significant seasonal differences occurred. 
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Fig. 21. Seasonal changes (mean & 95% c. i.) of mean number of eggs per 
female I clutch size, for]}_. cintu~. This figure indicates that seasonal 
differences did occur. 
Fig. 22. Seasonal changes (mean & 95% c.i.) of mean number of eggs per 
female I clutch size 1 for§_. oblonga. This figure does not indicate that 
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5, 10, 15 and 20° C. at a constant salinity of 32 ppt., totaling 20 - 28 initial 
cultures during each experiment. Females were removed after egg deposition 
and placed into another identical dish. Individuals in the mass cultures were 
left untouched. Water was changed weekly. The entire experiment was repeated 
five times. The object.of the reproduction experiments was to determine the 
effect different temperatures had on harpacticoid growth rates, longevity and 
survivorship. 
Successful reproduction and development of nauplii to adults occurred only 
in mass cultures above 5° C. Only on rare occasions did a few nauplii that were 
separated from adults develop into copepodites, none survived to adults. The 
nauplii were dead 7 - 10 days after hatching, regardless of temperature. The 
copepodltes survived for only 2 or 3 days. I was unable to accurately determine 
the frequency of~ovulat-ion~of-cfema le s- and_ju";lenile growth_ra_te s_ in_the m_a S_S c_ul .... _ 
tures. These data could only be obtained from observations of individuals in 
isolation. In mass cultures, reproduction was continuous. Females collected 
from the field would generally develop new egg sacks every 2-3 days. Approxi-
mate times from hatching to copulation for H. variaQ_lis were: 10° C. over 40 
days; 15° C. 30- 50 days; 20° C. 22- 25 days. 
Observations of the successful cultures showed that the food source was 
evenly distributed in a floc-like appearance along the bottom of the culture 
dish. The nauplii and copepodites were always in or near the food. In the 
unsuccessful cultures, the food source 'was not altered by the nauplii, and 
nauplii were often seen away from the food. These results suggest that adults 
i 
l 
break up the food into a fine material so that the nauplii were constantly in 
contact '\A.rith an edible food source. This was examined by placing H. variablis 
nauplii into a culture dish with the bottom covered by the bacterial-matrix, the 
smallest available food. The nauplii survived longer than in previous cultures 
without adults, 10-15 days, and several developed into copepodites. Similar 
results were obtained using natural sand grains and floc. Breaking up food into 
a fine edible material for the nauplii evidently increases juvenile survivorship. 
SUMMARY 
Monthly sex ratios and the proportion of ovigerous females for A. cintus, I 
I _______ s. oblonga ancLH. variablis were determined from field collections. Monthly. -. 
measurements of clutch size was made for .A_. cintus and.§.. oblonga. Only A. 
cintus exhibited any seasonal differences of sex ratio and clutch size. Clutch 
size for A. cintus was not significantly correlated with surf or interstitial tern-
perature. 
Successful reproduction and development in laboratory conditions for the 
three harpacticoid species only occurred in mass cultures where the juveniles 
were not separated from mature adults. Observations of successful and un-
successful cultures indicated that the presence of adults augments juvenile 
survivorship. The adults break up the food material into small edible particles 
and may perform some other type of food preparation to insure juvenile survi-
vorship. This observation has not been made previously. It is presently un-
known whether the adult dependency of the juveniles is characteristic of the 
51 
species studied, or if it is a s·pecialized adaptation to their environment. 
Similar field studies of harpacticoids of an intertidal mudflat (Barnett, 1970; 
Lasker, et al, 1970) showed distinct breeding seasons in the spring for two 
species of Plat;r:chelipus and for Asellopsis intermedia. Other field observations 
have shown some interstitial copepods to have a single breeding sea.son with 
low gamete production (Harris, 1972d). He also found extensive vertical migra-
tion of ovigerous females. These females were concentrated at the sediment 
surface where the temperature was warmer. At the end of the breeding season, 
rapid downward movement of the copepods occurred. Haq (1972) found three 
distinct generations in one year for Euterpina acutifrons. He also found that the 
-· sex ratio changed markedly with decreasing numbers of males as the breeding 
'season continued. Si.ze and color dimorphism of the males varied throughout 
the breeding season.----Atcthe beginning .. of the breeding sea_son, mor~. J~:rg_~r lJl.c:IJe.S! 
with little color dimorphism occurred; near the end of the season the proportion 
of dimorphic smaller males increased. The breeding ·season was strongly corre-
lated with warm sea temperatures. 
Approximate development time from hatching to copulation for H. variablis 
generally agrees with those for Arenopontia indica and for Tigriopus brevicornis, 
and varied with other species (Table VII). Warmer temperature caused these 
species to increase their growth rates. Haq (1972) found an i.nverse relation-
ship between growth rates and temperature for E. acutifrons. The intrinsic 
rate of increase for Tachidiu.s discipes of a natural population was found to be 










Times from hatching to copulation of various copepods 
Species . Author Days 
Arenopontia indica Chandra sekhara (1967) 25-30 
\' Tigriopus brevicornus Harris ( 19 7 3) 301 15° c. 
l-Tisbe furcata Johnson & Olson (1948) 17-241 17-18° c. f 
Tachidius discipes 101 10-25° c. 
Nictocra spinipes Muus (1967) 8-151 10-25° C e 
l Tisbe dilatata 4-61 10-25° C • l 
Euterpina acutifrons Haq {1972) 15;..30 1 10-20° C e 
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doubling time forT. discipes was 12-17 days, and the growth rate appeared to 
increase when the temperature during the population bloom was lower. Length 
frequency diagrams for Asellopsis intermedia showed that 3 months is needed 
for adult growth and between major appearances of copepodites (Lasker, et al, 







The physical factors measured did not significantly correlate with seasonal 
changes for the majority of harpacticoid abundances. This suggests that bio-
logical interactions may be a primary factor affecting the harpacticoid • s densi-
ties. Competitive interactions (Johnson & Olson,. 1948; Mcintyre, 1969; 
Tietjen, 1969; Williams, 1972; Hartzband & Hummond, 1974) have been men-
tioned as possible determinants of meiofauna population abundance. The lack 
of significant negative correlations between species abundances suggests that 
competition was not occurring. The absence of significant correlations may 
have been due to factors not measured such as other meiofauna or predation. 
One type of biotic interaction was observed. In laboratory cultures of H. 
variablis, the presence of adult harpacticoids insured the survivorship of juven-
iles · Adults apparently broke up the food material into small edible particles 
for the nauplii. Some other form of food preparation may also be present., If 
this behavior occurs in the field, it is essential that adults remain in a local 
area to prevent species extinction. The adults may in fact not be feeding all 
of the time. Much of their time may be spent preparing food for juveniles. It 
is also possible the food prepared by one adult species may be eaten by a 
juvenile of another species. The adult· harpacticoids may then collectively 
act to insure the survivorship of all juvenile harpacticoids. Brooding offspring 
by meiofauna is considered a reproductive adaptation to the interstitial environ-
ment (Swedmark, 1964). Harpactico.id brooding can be easily seen as the devel-






behavior indicates a second, more advanced form of brooding. Brooding the eggs 
apparently does not alone allow for sufficient species survival. Adult harpacti-
ooids may have to be present. Field sex ratios of three adult species were 
shown to be consistently above 50% females. It is not known if the females 
are largely. responsible for breaking up the food. 
The behavior observed by the adult harpacticoids may represent a self-
regulating system for controlling population growth and densities. Population 
increases for these harpacticoids may not only depend on the number of 
ovigerous females and clutch size 1 but also the number of adults present to 
prepare food and dispersal of prepared food under natural conditions. 
Predation has been suggested as having significant contributions to meio-
fauna d~nsity fluctuations. A list of active harpacticoid predators (Mcintyre, · 
--'-"·'·--1969) emphasizes the importance of this biotic interaction. Harpacticoids have 
also been shown to be essential food in fish diets (Feller & Kachynski 1 1975). 
Field observations by Dr. Steven Obrebski (pers. comm.) of Oligocot~us 
maculosa. 1 a common sandflat fish 1 revealed that the fish would rest on the sand 
surface and suddenly dart forward and appear to inject something. This obser-
vation suggested 0. maculosa as a potential harpacticoid predator. I made 
preliminary observations on harpacticoid predation by 0. maculosa I and found 
that when available 1 harpacticoids are a suitable food source. Gut analysis by 
Steven Karl (pers. comm.) showed that stomachs of 0. maculosa contained 
numerous harpacticoids of various species. I identified one species as A. 
cintus. 
.The observations on predation have suggested the following model. In 
areas where physical factors do not significantly correlate with phytal and/or 
sediment living harpacticoid abundances, the substrate acts as a protective 
barrier between the harpacticoids and predators such as flsh. The harpacticoid 
distribution depends on the size of the individual harpacticoids and the grain 
sizes available for protection. If there is a size gradient from large to small 
sand sizes as one moves subtidally, then there should be a corresponding size 
gradient of harpacticoids. In areas or seasons with high predation, the harpac-
ticoids would be strongly limited by the "protective" sand sizes. Areas of low 
predation would account for weak correlations to these particle sizes. Harpac-
ticoid abundances would in turn be determined by the maximum number of har-
pacticoi.ds that a particular "protective" sand patch could hide and support. 
'· The. dominance. of females i.n the populations studied may be. due to a lack of 
1 
··• ~c· .availabi'E!·space·for·males·in the sediment. dA female harpacticoia requrres oru=y~----tt 
I 
one insemination to produce multiple egg sacks. Females would remain in the 
substrate for egg deposition and food preparation for the juveniles. Haq (1972) 
observed for Euterpina. acutifrons, the smaller males were more sexually potent, 
ready to copulate with females, and more active in breeding than the larger 
males. 
There is some supportive evidence for the model on harpacticoid distribu-
ti.ons that may be interpreted from previous studies. Wigley & Mcintyre (1964) 
found harpacticoids to be almost non-existent in areas where grain sizes were 
0. 16 mm or less~ This may be the minimal sand size those harpacticoids could 
·57 
hide in. Parastenocaris vice·sima (Jansson, 1967 b&c) had definite selection 
toward 0. 25 mm. A variety of studies have had conflicting reports of harpacti-
coid distributions. The majority of harpacticoids have been found to inhabit 
areas with coarser sand grains (Wigley & Mcintyre, 1964~ Tietjen, 1969; 
Williams, 1972), and also in areas of finer sand sizes (Mcintyre, 1964: Weiser, 
1960; Gray & Rieger, 1971). A higher diversity of harpacticoids was associated 
with coarse grains (Hartzband & Hummond, 1974) and with fine grains (Coull, 
1972). Williams (1972) found that larger species were located in the larger, 
cleaner sands and smaller species in the smaller, silty areas. He also men-







1. The population ecology of eight species of harpacticoid copepods for 
a period of one year has been studied with emphasis on the effects of physical 
and biotic factors. The biotic factors were competition, feeding and reproduc-
. . 
tive behavior and predation. This study dealt with phytal and sediment living 
forms as described by Noodt (1971). 
2. Analysis of physical parameters showed that salinity, sediment size, 
sand deposition and erosion were the major factors changing within the inter-
tidal transect. Principal component analysis was seen as a tool to determine 
_____ the biological significance of sediment analysis. 
3. The majority of harpacticoids were found to remain in the surface 2 em. 
Seasonal changes in harpacticoid abundances were not significantly correlated 
with the physical factors measured. Abundance of E. melaniceps was the only 
species to have a positive correlation with surf temperature and interstitial 
salinity. 
4. The lack of significant negative correlations between species abundan-
ces suggest that competition was not occurring. 
5. Feeding observations under laboratory conditions showed that nauplii 
and adults preferred the bacterial...,matrix as a food source. Floc, sand grains 
and Enteromorpha were also acceptable foods. Within one week, the large food 
particles would be separated into a fine material by the adults and spread evenly 




6. Staining natural sands from the transect revealed more stained particles 
near the surface. It was inferred that the stainable material is a potential food 
source for harpacticoids and that the lack of vertical distribution of the harpac-
ticoids may be due to most of their food at the surface • 
. . - - . .. - . . . - .. - . . ··-
7. Amphiascopsis cintus was the only harpacticoid that exhibited any 
seasonal differences of sex ratio and clutch size. Clutch size for A. cintus 
was not significantly correlated with surf or interstitial temperatures. 
8. Observations of successful and unsuccessful cultures indicated that 
the presence of adults insured juvenile survivorship. Successful reproduction 
and development in laboratory conditions only occurred in mass cultures 1 con-
taining adult--males and females, above 5° C.· The adults would break-up the 
food material into small edible particles for the nauplii, and may perform some 
-, other type of food preparation to insure juvenile survivorship. 
9. · The effects of harpacticoid predation by Oligocottus maculosa were 
observed in three ways: Field observations suggested this species as a possi.ble 
predator 1 preliminary observations showed that harpacticoids are a suitable food 
source, and various species of harpacticoids, including A. dntus, were found 
. ·- --
in a stomach of 0. maculosa. These observations indicate that harpacticoid 
abundances may be significantly affected by predation. 
10. A model was developed using predation to explain harpacticoid hori-
zontal distributions. The substrates act as a protective barrier between the 
harpacticoids and predators. The harpacticoids distributions depends on the 
60 
sizes of the individual harpacticoids and the grain sizes avaHable for protection. 
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APPENDIX I 































2. 8028 ns 
11.3260 *** 
Fs 




,----------··· ---- ---·-·--·---·-- -· --------·---·-- --·--··--- ------------·----- --- ----.- --- -----·- ----------------------- ---- - -- --- - -- -------- - -- -· -------------- ---- -------------------- ·- -- -·-- ---1 
C.. ANOVA Table for Salinities, Areas 2-4 
-='---------
Source df MS Fs 
A(Area) 2 0.9421 2.4286 ns 
B(Months) 11 17.1126 44.1146 *** 
Error 22 0.3879 
Total 35 
D. ANOVA Table for Mean Grain Size 
Source df MS Fs 
A(Area) 2 0.1307 12.2467 *** 
B(Months) 11 0.0722 6.7610 *** 
Error 22 0.0117 
Total 35 
---
APPENDIX I (cont'd) 
















1. 2606 ns 
8.6098 ** 
F. ANOVA Table for ti.dal heights, November, 1974 - February, 1975 
Source df MS Fs 
A(Months) 3 0.0181: 1. 7094 ns 
B(Area) 3 0.0981 9. 2759 ** 




Skewness and Kurtosis in Relation 
to Sand Deposition and Erosion 
Skewness measures the symmetry of a distribution. Kurtosis measures the 
normaHty of a distribution by comparing the sorting in the central part of the 
curve with the sorting in the tails: if the curve is Gaussian-normal, kurtosis 
will be constant. Well sorted sands follow a normal distribution, poorly sorted 
sands show kurtotic distributions. Values of skewness and kurtosis are sensi-
tive to the distribution characters of the tails of a distribution (Mason & Folk, 
1959). Only small amounts of sand need be added to or subtracted from the tails . . 
to change these two statistics, whereas a large amount of material must be added 
to change the mean size or standard deviation. Therefore, differences between 
these two statistics may reflect differences between sand samples. Folk & Ward 
(1957) proposed that unimodal curves have normal distributions, and that skew-
ness and kurtosis was caused by the addition of minor amounts of other normal 
populations to the sediment, often in small amounts not sufficient to form a 
secondary mode. Adding 5-10% finer material to a normal population imparted 
positive skewness and kurtosis. Addi.tion to the coarser tail of the parent pop-
ulation accounted for slight negative skewness and positive kurtosis. Usually 
the change in sediments from a normal curve to positive skewness is accompan-
ied by poorer sorting because of the addition of a finer mode to the main popula-
tion. It is possible to obtain positive skewness in two ways 1 from the addition 
of fine material or the subtraction of the coarse end of a normal distribution, 
and Mason & Folk (1959) concluded that positive skewness and kurtosis was 
=------\.---
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the result of deposition. The relationship between skewness and mean grain 
size is shown in Fig. 23. These results indicate that small increases in the 
mean grain size have pronounced effects by decreasing skewness. Positive 
kurtosis is caused by additions of a small amount of a secondary mode to a 
primary mode (Folk & Ward, 1957). Addition of this secondary mode serves to 
worsen sorting in the tails while the sorting in the central part of the distribu-
tion remains good. A scatter diag·ram of these two statistics should indicate. 
qifferences. in sand environments. 
. ' -- --·. ··-· ·-
Fig. 23. Skewness vs mean grain size regression. The significant correlation 
coefficient (P> • 0 1) demonstrates that small increases in the mean grain size 
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Mean Grain Size (Rf) 
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Description of Principal Component Analysis 
With principal component analysis (PCA), the total variance of the data 
set can be defined as the sum of the individual variances, or in this case the 
individual sediment classes (Davis, 1973). These variances are calculated in 
terms of principal axes, one axis for each variance component. When graphed, 
the principal axes are orthogonal to each other. The principal axes are computed 
from eigenvectors and eigenvalues which represent the slope and length of each 
principal axis respectively. If the eigenvalues are transformed into a percentage 
value, then the sum of the eigenvalues represents the total variance. The indi-
vidual eigenvalues now represent the percentage of variance contribution of each 
principal axis, or size class, to the total variance. PCA thus examines the 
interactions between the given size fractions to determine which size fraction 
accounts for the greatest amount of the total variance. The first principal axis 
represents the major source of variance, the second axis represents the second 
major source of variation, and so on. In all five areas, principal axes I and II 
accounted for over 90% of the total variance (Fig. 24). Principal axis I was a· 
ratio of medium to fine I very fine sand (sieves 2. 0/2.5-3. 5$5). Principal axis 
II was a ratio of fine to very fine sand except in area 4 where the ratio was 
medium, coarse medium to very fine (sieves 1. 5/2.5-3. 5%). A principal component 
matrix of eigenvectors, eigenvalues, percent of trace, cumulative percent of 
trace for each area is shown in Table VIII of this appendix. 
Fig. 24. Cumulative percent of trace of eigenvalues for prin,cipal axes I and II, 
for the five intertidal areas. Area 1 was in the low intertidal and area 5 was in 





















Principal co!mpdnent Matrix 
1 2 3 4 5 
1 0.0007 -0.0072 -0.0165 -jO. 0603 -0.0419 
2 -0.0651 -0.0946 -0 .. 4919 -0.3694 -0.6680 
3 -0.1210 0.0118 -0.2253 -lo* so12 0.6809 
4 -0.6600 0.2399 0.5808 ·-'0. 0214 -0.1599 
5 0.2104 -.0.8195 0.3362 
i 
!0 .1283 0.0003 
6 0.7046 0.4801 0.3255 -:0.1069 -0.0912 
7 0.0024 0.0138 -0.1664 io. 2046 0.2294 
8 -0.0694 0.1762 -0.3508 'o. 7338 0.0435 
PRINCIPAL AXIS MATRIX- COLUMNS = EIGENVECTORS, ROWS =VARIABLES 
I 2 3 
1 56.1615 70.2186 70.2186 
2 17.3042 21.6354 9L 8540 
3 4.7511 5.9403 97.7943 
4 1.1312 1.4144 99.2087 
c: 0.4896 0.6121 99.8208 ..J 
6 0.1168 0.1460 99.9669 
7 0.0264 0.0330 99.9998 
8 0.0001 0.0002 100.0000 
COLUMN 1 = EIGENVALUES COLUMN 2 = PERCENT QF TRACE 


























1 2 3 l 4 5 
1 0.0043 0.0204 -0.0042 .Lo~0514 0.0688 
2 0. 0191 -0.1906 0.4643 II o 5- or o. 1151 1 . .t .J 
3 0.0578 -0.1903 0.2439 I n 2 ., .. 9 -0.6869 T""' •. l!.G 
4 0.8126 0.1202 -0.4118 10.0243 -Oo0888 
5 -0.3904 -0.6014 -0.5619 0.1164. -0.0669 
·6 -0.4247 0.7335 -0.2683 I -0.2213 10.2055 
7 -·0.0315 0.0647 0. 0955 [0.0293 0.6389 
8 : - o • o 4 6 6 o • o 9 3 2 o 0 3 9 8 o 11 o • 1 s 11 - o • 2 o 16 
PRINCIPAL AXIS MATRIX- COLUMNS= EIGENVECTOJS, ROWS= VARIABLES 
. I 
I 
1 2 3 I 








15.3624 5.4093 97.6518 I 
3.9942 1.4064 99.0582 I 
1.9908 0.1010 99.7592 1 











COLUMN 1 = EIGENVALUES COLUMN 2 = PERCENT €)F TRACE 























1 2 3 
! 
4 5 
l 0.0001 -0.0139 -0.0033 r1-o. 0111 I 0.0407 
' 
2 0.0366 . -0.1020 -0.7244 II o. 4046 0.0380 
3 0.0735 -0.1652 -0.3267 liO. 3070 -0.1936 
4 0.7625 -0.2262 0.4226 i 0.1894 -0.0100 . 
c::· -0.5951 -0.5887 0.3554 i 0.0512 -0.0100 v 
! 
6 -0.2385 0.6386 0.2476 i 0.5098 -0.1232 
7 -0.0166 o.o670 o.oo55 r-o.0481 o.9700 
a -o.o219 o.3898 o.0473 Lo.6642 -0.0565 
i 

















0 .. 1239 
0.3921 
-~ m. 
II ( ) Table VIII· cont'd 
·····11 . . 
'! 
1 2 3 i: 4 5 6 7 8 
i 
1 0.0123 -0.2061 ..-0.1581 ~0.3296 ..-0.1379 -0.1935 0.8702 -0.0999 
i! 
2 -0.0277 -0.1063 -0.0421 0.8239 -0.4603 0.0749 0.2434 0.1753 
3 0.0271 -0.4784 -0.3468 r0.2962 
l 
-0.2772 0.6275 -0.1640 0.2549 
4 0.7915 0.4870 -0.0593 :..o.o472 -0.0301 0.2005 0.1454. 0.2617 
' 
5 -0.5683 0.6020 -0.4129 ~0.0367 0.0821 0.2054 0. 1510 0.2667 
li 
6 -0.2206 0.1593 0.7853 ~0.2510 -0.3632 0.2184 0.1065 0.2351 
7 0.0006 -0.1707 -0.0601 ~0.1044 -0.0011 -0.5661 -0.1266 0.7873 
8 -0.0177 -0.2516 0.2421 .• 0.2179 0.7435 0.3357 . 0.2920 0 .. 2822 
PRINCIPAL AXIS MATRIX- COLUMNS = EIGENVECTORS, ROWS =VARIABLES 
1 2 3 
1 449.8249 90.1092 90.1092 
2 27.6071 5.5303 95.6394 
3 18.1943 3.6447 99.2841 
4 2.9379 0.5885 99.8727 
AREA4 
5 0.4909 0.0983 99.9710 
6 0.0721 Oc0144 99.9854 
7. 0.0510 0.0102 99.9957 
8 Oc0217 0.0043 100.0000 
COLUMN 1 =EIGENVALUES COLUMN 2 =PERCENT bF TRACE 
--1 
--1 
COLUMN 3 = CUMULATIVE PERCENT OF TRACE; 
/ 
'I'lle VIII (cont 1d) 1 . . 
1 2 3 4 5· 6 7 8 
1 -0.0031 0.0053 -0.0766 0.0267 -0.0784 0.0844 -0.8557 0.4979 
2 Oc0248 0.0570 -0.7714 0.0470 0.1364 -0.4696 0.2099 0.3402 
I 
3 0.0596 0.032·4 -0.2086 ! 0.0559 -Oo6059 0.5857 0.3386 0.3520 
4 0.7430 -0.3384 0.3259 -0.1395 -Oo0806 -Oo2812 0.1302 0.3245 
5 -0.6474 -0.5592 0.2233 !_o .1696 -0.1131 -0.2114 0.1544 0.3289 
6 -0.1555 0.7414 0.3988 ...:o.o430 -Ool765 -0.3345 Oo1381 0 .. 3211 
7 -0.0158 -0.1274 0.1332 ' 0.9599 -0.1239 -0.1701 .0.0116 -OoOOQS 
8 -Oe0139 0.0501 0.0510 • 0.1500 0 •. 7364 0.4059 Oo2216. 0.4426 
PRINCIPAL AXIS MATRIX - COLUMNS = EIGENVECTORS, ROWS = VARIABLES 
APPENDIX IV 
A. ANOVA Table for Harpacticoid Abundance 
X= E ln (x+l) 
Source df MS 
A(Area) 2 0.5212 
B(Months) 12 0.2381 
Error 24 0.2163 
Total 38 
- -.·-- ·--
B. ANOVA Table for Amphiascopsis cintus 
Total numbers per area 
Source df MS 
A(Area) 2 80212.6410 
B(Months) 12 37093.5363 
Error 24 18985.9882 
Total 38 
C. ANOVA Table for Stenhelia oblong a 
Total numbers per area 
Source df MS 
A(Area) 2 1606.2564 
B(Months) 12 564.6368 
Error 24 306.7009 
Total 38 
D. ANOVA Table for Ectinosoma melaniceps 
Total numbers per area 
Source df ·MS 
A(Area) 2 101.6410 
B(Months) 12 161.2842 
Error 24 42.3771 
Total 38 
Fs 
2. 4103 ns 
1. 1009 ns 
Fs 
4.2248 ** 
1. 9537 ns 
Fs 
5.2372 ** 
1. 8410 ns 
Fs 
2.3985 ns 
3. 8059 ** 
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APPENDIX IV (cont'd) 
E. ANOVA Table for Heterolaophonte variablis 















F. ANOVA Table for Paralaophonte subterranea 




















1. 8248 ns 
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